Background: Benzoxazole is the most important class of heterocyclic compound in medicinal chemistry. It has been incorporated in many medicinal compounds making it a versatile heterocyclic compound that possess a wide spectrum of biological activities.
Background
Colorectal cancer is one of the most dangerous forms of cancer, causing the deaths of many patients every year [1] . As such, a significant progress is being made continuously towards developing novel chemotherapeutic agents [2, 3] . One of the standard drugs for treatment of colorectal cancer is 5-fluorouracil (5-FU). However it is associated with a lot of side effects as it not only affects the cancer cells but also the normal cells [3] [4] [5] [6] [7] . In order to overcome the undesirable side effects of available anticancer agents there is a need to develop novel chemotherapeutic agents for more effective cancer treatment [2] .
The number of cases of multidrug resistant bacterial infections is increasing at an alarming rate and clinicians have become reliant on vancomycin as the antibiotic for serious infections resistant to traditional agents which indicated that there is a need for the development of new classes of antimicrobial agents [8] . Hence there is a need to develop those agents whose chemical characteristics clearly differ from those existing agents and can overcome the problem of resistance [9] .
Benzoxazole belongs to one of the most important class of heterocyclic compounds which are very significant for medicinal field. It has been incorporated in many medicinal compounds that made it versatile heterocyclic compound possessing wide spectrum of biological activities viz: antimicrobial [10, 11] , analgesic/anti-inflammatory [12] , antitumor [13] , antidiabetic activity [14] etc. Keeping in view of the pharmacological importance of benzoxazole derivatives, the present study had synthesize some new benzoxazole derivatives and evaluate their antimicrobial and antiproliferative activities. The design of benzoxazole molecules with antimicrobial and anticancer potential was based on literature as shown in Fig. 1 .
Results and discussion

Chemistry
A series of benzoxazole derivatives (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) was synthesized using synthetic procedures as outlined in Scheme 1. Initially, 2-chloro-N-(substituted phenyl)acetamide (I) was prepared by reacting substituted aniline with chloroacetyl chloride in the presence of acetone and powdered potassium carbonate. To prepare 2-azido-N-(substituted phenyl)acetamide (II) reaction was carried out between I in dry DMF and sodium azide at room temperature. Benzo[d]oxazole-2-thiol (III) was prepared from 2-aminophenol in methanol, potassium hydroxide followed by the addition of carbon-di-sulphide. Further, to a solution of III in acetone was added anhydrous potassium carbonate powder followed by slow addition of 3-bromoprop-1-yne at 0 °C and the obtain 2-(prop-2-yn-1-ylthio) benzo[d]oxazole (IV). Finally, II and IV were dissolved in a mixture of t-BuOH:H 2 O:DMF followed by the addition of sodium ascorbate and copper (II) sulfate so as to obtain target benzoxazole derivatives (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . The synthesized compounds were confirmed by physicochemical properties (Table 1) i.e. melting point, molecular formula, R f value, % yield and spectral interpretation details (Table 2) i.e. FT-IR, NMR and Mass, which are in agreement with , 3315-2986 cm −1 and 1499-1408 cm −1 are attributed to C=N group of oxazole ring, C-H and C=C groups of aromatic ring, respectively. The absorption peak of C-F group in aromatic fluoro compounds (11 and 18) appeared at 1235-1207 cm −1 whereas bands at 738-622 cm −1 correspond to C-Br stretching of aromatic bromo derivatives (7, 12, 14 and 16). The presence of aryl alkyl ether group (C-O-C, Ar-OCH 3 ) in compound 3 showed a band at 1194 cm H-NMR spectra the multiplet signals between 6.70 and 8.57 ppm are assigned to the presence of aromatic protons of synthesized compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . The compound 3 showed a singlet at 3.71 ppm due to the existence of -OCH 3 of Ar-OCH 3 in its structure. All the synthesized compounds showed a singlet at 7.34-7.14 ppm which corresponds to the presence of N-CH of triazole. Compounds, 6, 7, 9, 15 and 17 showed singlet around 2.50 ppm due to the existence of -CH 3 group at ortho and para position. The appearance of singlet at 4.72-4.77 ppm and 8.27-7.82 ppm are due to -CH 2 and -NH group, respectively. 13 C-NMR spectral data showed the confirmation of carbon atom in the assigned molecular structures of the synthesized compounds. The mass spectra of title compounds shows consistency between [M] + ion absorption signal and the calculated molecular weight. The synthesized benzoxazole derivatives (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) were screened for their pharmacological activity i.e. antimicrobial and antiproliferative activities against selected microbial (bacterial and fungal) organisms and cancer cell line (HCT 116), respectively (using standard protocol shown in experimental section). The Str.: stretching, Ar: aromatic structure-activity relationship study of the synthesized compounds indicated that the compounds bearing electron withdrawing group at different position of the substituted portion showed the promising antimicrobial and anticancer potentials.
In vitro antimicrobial activity
The synthesized benzoxazole compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) 
In vitro anticancer activity
The antiproliferative activity of the benzoxazole derivatives was assessed against the human colorectal cancer cell line (HCT 116 (ATCC CCL-247). Antiproliferative screening results (Table 4) revealed that compounds 4 (IC 50 = 22.5 µM) and 16 (IC 50 = 38.3 µM) displayed most promising antiproliferative activity in reference to the standard drug 5-fluorouracil (IC 50 = 12.2 µM).
Structure activity relationship (SAR)
The structure activity relationship for antimicrobial and anticancer activities of synthesized benzoxazole derivatives (SAR, Fig. 4 ) can be deduced as follows:
• Presence of two heterocyclic moieties i.e. benzoxazole and triazole in the synthesized compounds, showed the promising in vitro antimicrobial and anticancer activities against the selected microbial organisms and cancer cell line, respectively.
• Presence of electron withdrawing groups (Cl and NO 2 ) at ortho and para-positions, respectively of the substituted portion (Compound 4), enhanced the antimicrobial activity against S. aureus, E. coli, A. niger and antiproliferative activity against HCT 116 cancer cell line.
• The structure-activity relationship of the synthesized benzoxazole derivatives indicated that the compounds bearing electron withdrawing and electron releasing groups at different position of the substituted portion plays an excellent role in improving the antimicrobial and antiproliferative activities. The aforementioned facts are supported by the earlier research findings [21] [22] [23] .
Experimental section
Material and reagents
The materials required to carry out this research work were obtained from commercial sources and were used with no further purification. Reaction monitoring was carried by thin-layer chromatography using 0.25 mm silica gel plates, using chloroform and methanol (9:1) as mobile phase and iodine vapours helped in observing the spots which were visualized in UV light. Melting point of compounds was determined by open capillary tube technique. An infrared spectrum was recorded (ATR, cm 
General procedure for synthesis of benzoxazole derivatives (1-20)
Step A: Synthesis of 2-chloro-N-(substituted phenyl) acetamide derivatives (I)
To a stirred solution of substituted aniline (10 mmol) in acetone (35 ml) at 0 °C was added powdered potassium carbonate (50 mmol). After stirring the mixture for 30 min at 0 °C, chloroacetyl chloride (20 mmol) was added dropwise with vigorous stirring. The mixture was then continuously stirred at room temperature for 3 h. The mixture was then poured into water (400 ml) with stirring. The separated solid was filtered and washed with hexane (50 ml) to give the desired intermediate I in good yield.
Step B: Synthesis of 2-azido-N-(substituted phenyl)acetamide derivatives (II)
To a stirred solution of I (3.0 mmol) in dry DMF (15 ml) was slowly added sodium azide (6.0 mmol). The resulting reaction mixture was then stirred for 12 h at room temperature. The mixture was then poured into ice cold water (100 ml) with stirring. The separated solid was filtered and washed with water (50 ml) to give the desired compound II in good yield.
Step C: Synthesis of benzo[d]oxazole-2-thiol (III)
To a solution of 2-aminophenol (100 mmol) in methanol (150 ml) was added aqueous potassium hydroxide (130 mmol) in water (30 ml), followed by addition of carbon-di-sulfide (150 mmol). Resulting mixture was refluxed at 65 °C for 5 h. After the completion of reaction, reaction mixture was poured in water (500 ml), which was neutralized with conc. hydrochloric acid and the solid separated was filtered and washed with hexane to afford the pure compound III (Yield: 90%). MP: 168-170 °C. To a solution of III (50 mmol) in acetone (150 ml) was added anhydrous potassium carbonate powder (100 mmol) with stirring. After 5 min, propargyl bromide (55 mmol) was added slowly at 0 °C and allowed to stir for 30 min at room temperature. After completion of the reaction, followed by TLC, the mixture was quenched with ice cold water (500 ml) with vigorous stirring. The solid product separated was filtered followed by washing with water (50 ml) which afforded the desired intermediate IV (Yield: 8.7 g, 92%). MP: 188-190 °C.
Step E: Synthesis of target compounds (1-20)
The intermediates IV (1.5 mmol) and II (1.5 mmol) were dissolved in a mixture of t-BuOH:H 2 O:DMF mixture (6 ml, 1:1:1). Sodium ascorbate (0.75 mmol) was added, followed by copper (II) sulfate (0.3 mmol). The mixture was stirred vigorously at room temperature until TLC indicated the disappearance of the starting materials (30 min). After completion of the reaction as monitored by TLC (CHCl 3 :MeOH/9:1, Rf: 0.17), solid separated in the reaction mass was then filtered and washed with water (10 ml) followed by methanol (10 ml) to give pure benzoxazole derivatives.
In vitro antimicrobial assay
The antimicrobial testing of the benzoxazole derivatives (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) was done by tube dilution method [24] [25] . The stock solution of the test and reference compounds was prepared in dimethyl sulfoxide. The samples were incubated at 37 ± 1 °C for 24 h (bacteria), at 25 ± 1 °C for 7 days (A. niger) and at 37 ± 1 °C for 48 h (C. albicans), respectively and the results were recorded in terms of MIC. The MIC was the lowest concentration of the tested compound that yields no visible growth of microorganisms in the test tube.
In vitro anticancer assay
The antiproliferative effect of benzoxazole derivatives was determined against the human colorectal carcinoma [HCT 116] cancer cell line using the Sulforhodamine-B (SRB) assay. HCT 116 was seeded at 2500 cells/ well (96 well plate). The cells were allowed to attach overnight before being exposed to the respective compounds (0.001-100 µg/mL) for 72 h. The highest concentration of each compound tested (100 µg/ml) contained only 0.1% DMSO (non-cytotoxic). SRB assay [26] was then performed. Trichloroacetic acid was used to fix the cell. Staining with 0.4% (w/v) Sulforhodamine B mixed with 1% acetic acid was performed for 30 min. After five washes of 1% acetic acid solution, protein-bound dye was extracted with 10 mM tris base solution. Optical density was read at 570 nm and IC 50 (i.e. concentration required to inhibit 50% of the cells) of each compound was determined. Data was presented as mean IC 50 of at least triplicates.
Conclusion
In this study, new benzoxazole derivatives were designed and synthesized. These benzoxazole derivatives were evaluated for their biological potentials (antimicrobial and anticancer). In vitro antimicrobial results demonstrated that compounds 5, 4, 7 and 16 showed most promising antimicrobial activity against selected microbial species in reference to the standard drugs and in vitro antiproliferative screening results indicated that compounds 4 and 16 showed promising anticancer potential against human colorectal cancer cell line in reference to the standard drugs. These compounds may serve as lead compounds for further development into novel antimicrobial and anticancer agents.
